It is not easy to study the oesophageal component of deglutition. The act of swallowing is complex, and food or fluid passes rapidly to the stomach. The speed at which a contrast medium traverses the oesophagus makes it difficult for the radiologist to analyse the mechanisms involved. Nevertheless, our knowledge of oesophageal physiology by radiology has been considerably increased, and the introduction of cineradiography should expand this field.
We have been especially interested in the study of oesophageal motility by measurements of pressures within the body of the oesophagus and at its superior and inferior sphincters, and also in the hypopharynx and the fundus of the stomach. Characteristic patterns of motility have been demonstrated for the oesophagus in health and in a variety of disease entities (Butin, Olsen, Moersch, and Code, 1953; Creamer, Olsen, and Code, 1957; Dornhorst, Harrison, and Pierce, 1954; Fyke, Code, and Schlegel, 1956; Hightower, Olsen, and Moersch, 1954; Kramer and Ingelfinger, 1949) . The method lias proved to be of considerable value in the differential diagnosis of oesophageal disorders and disturbances of the cardia.
From a practical standpoint, studies of motility thus far have had their greatest value to the clinician in the differentiation of achalasia (or cardiospasm) from diffuse spasm of the oesophagus. Although these conditions are physiological opposites, they have frequently been confused in medical literature. For many years achalasia has been called " cardiospasm," although its actual basis is failure of the musculature of the oesophagus to react in peristaltic fashion after deglutition. The term " achalasia" (Greek: not-relaxation) describes the condition more accurately than does " cardiospasm," because the obstruction *Now Lecturer in Medicine. St. Thomas' Hospital. London.
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is an absence of relaxation rather than a true spasm of the lower sphincter ; yet achalasia as a term does not include the motor failure of the oesophageal musculature which is part of the condition. Another term used as a synonym, " mega-oesophagus," properly signifies only the enlargement of the oesophagus which is an end-result of the disorder. The clinical syndrome of diffuse spasm, or non-sphincteric oesophagospasm, is less well known and frequently has been diagnosed as early achalasia. Actualty, diffuse spasm is a spastic contraction of the lower two-thirds of the oesophagus often associated with hypertrophy of the smooth muscle. The principal characteristics of these conditions will be discussed later. Inasmuch as the treatment and the prognosis for the two are different, separation of the entities is important. Studies of motility have been of inestimable value in the differentiation of these conditions. Even so, there is a small group of cases in which the interpretation of our pressure records is difficult.
In this report we will describe briefly our methods of meas iring oesophageal pressures. The characteristic findings in normal individuals will be outlined, and the motility patterns in achalasia and in diffuse spasm will be compared and contrasted. We shall illustrate the role of motility studies in the differential diagnosis of these conditions.
METHODS
Pioneer work in the measurements of oesophageal pressures was done by Kronecker and Meltzer (1883) with the aid of balloons. The balloon technique was used by Carlson and Luckhardt (1921) and by Cannon (1911) in physiological studies, and more recently bv Kramer and Ingelfinger (1949) . An structed atter the design of Gauer and Gienapp (1950) and Wetterer (1943) (Fig. 1) (1954) are fastened together at the tips, and in each tube a hole is cut. the interval separating their different levels being usually 5 cm. (Fig. 2) . After the tubes have been swallowed, they are attached to pressure transducers and filled with water. The changes in pressuires are then recorded indirectlv, being conducted from the site of detection to the transducers by the columns of water in the tubes. The apparatus and technique for both the direct and the indirect methods haLve been described previously (Creamer and others. 1957; Fyke and others, 1956 ). Table I sets these out comparatively. Measurements of deglutitory pressures within the normal oesophagus at various levels show that a well co-ordinated peristaltic wave passes all the way to the lower oesophageal sphincter. The intensity of the waves varies between 50 and 100 cm. of water pressure and is stronger in the lower part of the oesophagus (Fig. 4) . The peak of the pressure induced by the peristaltic contraction reaches the lower end of the oesophagus about 9 to 10 seconds ( Fig. 5) after swallowing is initiated.
SUMMARY OF OBSERVATIONS
At the upper oesophageal sphincter (pharyngooesophageal junction) a band of elevated pressure about 2.5 cm. in width is found under resting conditions (Fig. 6a) . The mean maximal pressure in this region is about 40 cm. of water more than oesophageal pressure and an equal amount more than pharyngeal pressure (Fyke and Code, 1955) . At the beginning of deglutition a pressure of about 50 to 100 cm. of water develops in the hypopharynx. Simultaneously the pressure decreases sharply in the upper oesophageal sphincter, indicating relaxation of the sphincter at the same time as the pharynx contracts. After its relaxation. the sphincter contracts as the wave of high pressure passes through it. This wave, which starts in the pharynx and passes through the pharyngooesophageal sphincter, is peristaltic; and within the oesophagus it is the "primary peristaltic wave of that organ.
At the oesophago-gastric junction also the resting pressures are elevated, although the differences are not so great as at the pharyngo-oesophageal level (Fig. 6b) . The sphincteric pressure (endexpiratory) is about 10 cm. above fundic pressure, and the band of elevated pressure is about 2.5 cm. in width. Pressure records from the oesophagogastric junction reveal that the band of elevated pressure at the cardia is abolished about two seconds after swallowing is initiated (Fig. 6 ). This relaxation of the cardia is followed by a wave of high pressure as the peristaltic wave rolls through the sphincter.
IN ACHALASIA (CARDIOSPASM).-Among patients
with achalasia, resting pressures in the body of the oesophagus often are equal to atmospheric pressure, presumably because of the retention of food and fluid. At the sphincters, resting pressures are similar to those in normal individuals (Creamer and others, 1957) . At the oesophago-gastric junction a band of elevated pressure is recorded in achalasia, but it is no greater than in health. With deglutition no peristaltic wave appears, but feeble, non-propulsive contractions may occur simultaneously throughout the oesophagus (Butin and others, 1953) . No wave of relaxation is seen as in health (Fig. 7) . Although the sphincter fails to relax, apparently it does contract in response to swallowing, for a rise in pressure at the gastrooesophageal junction has been seen regularly.
This rise begins approximately three seconds after deglutition-earlier tian in health-but it is identical in duration and amplitude with the pressure increase observed at the end of the peristaltic sequence in normal persons.
The response of the oesophagus in achalasia to the injection of methacholine chloride (mecholyl) has particular significance (Hightower and others, 1954) . Detectors show a distinct and prolonged increase in pressure, which usually is accompanied by severe substernal pain. The radiologists may observe a constriction of the barium-filled oesophagus. A positive finding from the mecholyl test is related to impairment of the nerve supply to the wall of the oesophagus and is pathognomonic of achalasia. There is no significant response to mecholyl in normal individuals or patients with other oesophageal disorders. Both negative and positive results in mecholyl tests are shown in Fig. 8 Gastroenterology, 1957, 33, 293.) are normal. At the oesophago-gastric junction, resting pressures may be similar to the normal in amplitude, but the band of increased pressure (normally 2.5 cm.) is likely to be considerably wider, especially if hiatal hernia is associated. Response to swallowing is normal in the upper part of the oesophagus. Deglutitory pressures in the lower half to two-thirds of the oesophagus begin earlier than the normal peristaltic wave, and are simultaneous, repetitive, and usually of much greater amplitude than the normal. Yet in response to swallowing a wave of relaxation takes place at the oesophago-gastric junction, which is similar to that in health. Pressure tracings on swallowing and a radiograph in a case of diffuse spasm are shown in Fig. 9 .
CLINICAL DIFFERENTIAL DIAGNOSIS The significant differential points between achalasia (cardiospasm) and diffuse spasm are given in Table IT (Olsen, Ellis, and Creamer, 1957) . In achalasia the obstruction is localized at the lower end of the oesophagus, where the inferior oesophageal sphincter fails to open because of motor failure of the oesophageal musculature. Diffuse spasm has been described by Moersch and Camp (1934) as a clinical syndrome of spastic contraction of the lower two-thirds of the oesophagus.
In cases of early achalasia the symptoms may be confusing. Pain is more likely to be present in early than in advanced achalasia, but it is usually substernal and related to the passage of food. The pain of diffuse spasm is commonly referred to the neck, shoulders, jaws, ears, or even the arms, and may or may not be related to swallowing. Diffuse spasm tends to develop in patients who are ner- . Cardiospasm (Achalasia of the Cardia). vous and tense, while achalasia is seen usually in persons with a stable temperament.
Radiologically, the oesophagus in achalasia is seen to be diffusely dilated with apparent constriction at the cardia (Fig. 8b) . In diffuse spasm the lower half to two-thirds of the oesophagus is involved, and the radiological appearance varies from that of diffuse constant or irregular spasm to that of the multiple spastic segments designated as pseudodiverticulosis (Fig. 10) . Johnstone (1956) has called attention to the hypertrophy of the oesophageal wall noted radiologically in patients with diffuse spasm, an impression verified by recent observations at the operating table (Clagett, 1957) . This variety of appearance is matched by the variety of synonyms for diffuse spasm, nonsphincteric spasm, pseudodiverticulosis, segmental spasm, and curling or corkscrew oesophagus.
Actually, the last two terms probably should be reserved for the asymptomatic tertiary contractions often seen in older people. It is important to distinguish diffuse spasm from the bizarre Fig. 8 . The patient, a woman 60 years old, had a long history of difficulty in swallowing and of regurgitation. At times she became short of breath but she never had pain. Motility studies and the mecholyl test confirmed a diagnosis of achalasia.
On the other hand, the patient whose pressure records are used for Fig. 7 did not present an easy diagnostic problem. He was a man, 39 years old, who had had progressive dysphagia for five months. He had lost 25 lb. and the oesophagus was markedly obstructed. Carcinoma of the cardia was suspected by both the clinician and the radiologist. At oesophagoscopy no oesophageal tumour could be found, but carcinoma of the stomach could not be excluded. Preliminary dilatation was performed and specimens were obtained for biopsy, which resulted negatively. Findings from the motility studies, however, were characteristic of achalasia. Hydrostatic dilatation was carried out, and the patient has been free of symptoms for two years since.
A classical case of diffuse spasm is represented in Fig. 9 . The patient was a woman 26 years of age in whom dysphagia and substernal pain had developed during pregnancy two and a half years before registration. Both cold and hot foods would bring on or aggravate her pain and obstructive symptoms. Her symptoms were similarly influenced by nervous and emotional factors. The radiograph showed some diffuse narrowing of the lower part of the oesophagus but in itself was not diagnostic. Oesophagoscopy was negative. Dilatations of the oesophagus were effected without encountering any appreciable resistance either in the oesophagus or at the cardia. Motility studies showed characteristic findings of diffuse spasm. This patient has not responded to any treatment.
We have had a few patients whose clinical features suggested achalasia but whose oesophageal motility patterns were characteristic of diffuse spasm. By the same token, an occasional patient will present clinical and radiological signs of diffuse spasm and yet the motility pattern will reveal the changes of achalasia. So great is our confidence in the validity of the studies of oesophageal pressure that we consider them the final criterion of diagnosis in functional disturbances of the oesophagus.
Finally, a small group of patients have clinical and motility characteristics with some features of both cardiospasm and diffuse spasm. This may be the " mixed " group formerly thought to have both cardiospasm and diffuse spasm by clinical criteria. Their dysfunction has been thought of as " vigorous achalasia " or atypical diffuse spasm; possibly the term " dyschalasia " may be used, as suggested by Moersch, Code, and COMMENT Diffuse spasm is certainly a dysrhythmia in the sense that ordinary peristalsis is replaced by simultaneous, vigorous contraction of the lower portion of the oesophagus. We have yet to find the trigger mechanism respohsible for the disorder. Achalasia likewise is a dysrhythmia, characterized by motor failure of the oesophagus. Degeneration of Auerbach's plexus has been demonstrated repeatedly (Lendrum, 1937 : Rake, 1927 ): yet the factors responsible for the histological and physiological changes have never been elicited. Etzel (1942) has attributed the condition to deficiency of thiamine chloride in the diet, but we have had no reason to suspect lack of any vitamin in our cases.
'The similarities that may be present between cases of early cardiospasm and diffuse spasm might indicate that some common denominator exists. Occasionally case histories suggest that a nervous or emotional shock may precipitate a disorder of the neuromuscular mechanism controlling the oesophagus. Achalasia and diffuse spasm are usually separate entities, each with characteristic symptoms and radiological findings. In cases of doubt, studies of oesophageal pressure and the mecholyl test will almost always differentiate between the conditions. The occasional borderline cases are of special interest. Further study may give some hint as to the cause of these conditions. SUMMARY Cardiospasm (achalasia) and diffuse spasm of the oesophagus are separate entities. Usually these conditions can be differentiated by clinical,
